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INTRODUCTION 
Starting in 1991, Iowa has been researching the use of discarded 
vehicle tires in asphalt rubber cement (ARC). The stockpile and 
disposal problems of discarded tires has prompted this research. 
The Iowa DOT has now completed six projects using recycled tires 
in a reacted rubber asphalt binder referred to as ARC. 
This project on IA 21 in Black Hawk County was constructed·in 
June 1992. The project has two ARC sections using the reacted 
rubber asphalt in both the binder and surface courses and a 
control section using a conventional mix. 
OBJECTIVE 
The objective .of this research project was to evaluate the use of 
finely ground recycled tire rubber as.ARC. 
aopefully, a conclusion can be made to determine if using ARC 
will: 
1. Improve performance 
2. Extend the life of the roadway 
3. Be of enough value from an environmental standpoint 
to compensate for its higher cost. 
CONTRACTOR 
Aspro, Inc. of Waterloo, Iowa was the contractor on this project. 
The rubber reactor was furnished by International Surfacing of 
2 
Chandler, Arizona. Both the ARC and conventional m;ixes were 
-produced at the Aspro plant at Waterloo, Io~a. 
PROJECT LOCATION 
The location of this project .was on IA 21. from the Tama County 
line northerly 10.267 miles to 1.71 miles inside the south city 
limits of Waterloo, Iowa in Black Hawk County. .The test sections 
are lis.ted in Table I. 
Table I 
Test Section Sta. to Sta~ Lane Type of Mix 
1 2135+00 to 2186+00 NB & SB ARC in binder 
and surface 
2 2186+00 to 2238+00 . NB ARC in binder 
and surface 
3 2238+0.0 to 2270+00• NB & SB Conventional 
control 
"PRECONSTRUCTION SURVEY 
The existing surface was a 24 ft. wide full depth AC pavement 
constructed in 1968 and 1969. The daily traffic volume is 1750 
vehicles per day (V.P.D.) with 9% trucks. 
There was so much alligator cracking on the road that conducting. 
a crack survey would.have been. extremely difficult. ·The photovan 
was used to document the original condition of the road. The 
road appeared very distressed. 
.. 
--------------
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A strengthening course was placed on portipns of.the project 
prior to resurfacing but no patching was done. 
The Road Rater, measuring pavement deflections, was ·run prior to 
construction to provide structural data. 
MATERIALS 
The ARC was produced by Internatiori~l Surfacing Inc. from 
Chandler, Arizona. They purchased the· rubber·· from Baker· Rubber~· 
South Bend, Indiana. Two types of rubbers were used in this 
project. 17% IGR 10~20 and 2% TBS 20 were the rubbers used. The 
IGR is a tire rubber but the TBS 20 w~i a ~enni~ ball rubber. 
'\ 
Special Provision 102'8.03, the project specification, states that 
the ·.ground rubber shall be produced from processing automobile 
andjor truck tires by ambient grinding methods. This makes the 
tennis ball rubber used in noncompliance. The Special Provisions 
and gradation limits are located in Appendix A. The gradations 
ran during construction appear in Appendix B. 
The coarse aggregate was purchased from Waterloo South, Waterloo, 
Iowa and the' fine aggregate from Aspro Pits. in Waterloo. The AC 
was purchased from Koch, Inc of Dubuque, Iowa. 
MIX DESIGN 
International surfa6ing Inc. provided their own mix design on th~ 
project.with the only stipulation being they had to meet our mix 
design criteria as shown in Special Provision SP-1028. 
------~ -------
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This 6riteiia was not met on the aggregate or rubber ·gradations. 
Also, the use of tennis ball rubber was contrary_to 
specification. All the material noncompliances are shown in 
Appendix A. No decision on penalties or adjustments had been 
made at the time this report was written. 
The ARC birider mixture consisted of 84% 3/4" limeston~ and 16% 
sand. The mixture had an intended ARC content of 6~%. The ARC 
consisted of 81%. AC-5 and 19% rubber. The ARC surface mixture 
was 83% 1/2" limestone and 17% sand. The intended ARC content 
was 7.0% with 81% AC-5 and 19% rubber. 
Aspro had some problems with low lab voids in the conventional 
mixture, therefore, the conventional mix d~sign was altered 
slightly and the AC content lowered on both the binder and 
surface courses. The binder ended up having an AC content of 
5.1% ·and the surface ~.1%. The ARC mix also had low lab voids 
but no changes were made. Lab densities and voids are shown on 
the plant reports in Appendix B.· 
PLANT OPERATION 
The A~C and conventional mixes were produced at Aspro's South 
Plant in Waterloo, Iowa. It was a Barber Greene batch plant. 
I . 
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The.ARC was produced at a site a few blocks from Aspro's plant 
and then hauled to the plant site in tankers. The Inteinational 
Surfacing system had a tank that the AC-5 was pumped into and 
held at 400°F until it went into the blender-reactor. The AC-5 
was then placed in the blender-reactor and the rubber granules 
were augered in and the reaction process began. It was reacted 
at 350°F for 60-90 minutes in the reactor-blender chamber. It 
was then pumped into the tanker which hauled it to Aspro's plant. 
Viscbsity was determined at the reaction site by International 
Surfacing. The results ranged from 2100 cps to 2600 cps which 
are within specifications. 
The plant produced approximately 210 tonjhr of ~he ARC mixture 
and approximately 300 tonjhr of the conventional mixture. 
There was a problem with the ARC coating of the aggregates on 
both the binder and surface courses. This occurred.the first day 
when producing the binder course so the mixing time was increased 
10 seconds to 55 seconds. This seemed to improve coverage. The 
next day on the surface course the coating problem was again 
apparent. This time the ARC content was increased slightly which 
helped. Aspro had a little of the same aggregate coating problem 
with the conventional mixture but not to the degree it was with 
the ARC mix. 
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PAVING OPERATION 
Paving of the ARC binder was on June 25, 1992 and the ARC surface 
on June 26, 1992. The conventional binder was placed prior to 
this and the conventional surface after the ARC was completed. 
Aspro was using a Blaw-Knox PF-500 paver. 
The mix was very sticky compared to ·the 1991 ARC mixes. This 
made it more difficult to work with. There was no shoving or 
cracking of the mat during placement. 
The roller operator had to stay back from the paver somewhat 
because of warmer temperatures. The ambient temperature was 
around 8 0°F. 
There was some segregation in both the binder and surface courses 
of· both the conventional and ARC mixes·. 
The inspectors mentioned a concern about the binder and surface 
courses of the ARC mixes binding. Such a coarse mix was used 
that by visual observation the tack coat seemed to be absorbed 
into the binder. 
There is a definite difference in appearance between the ARC 
sections and the conventional sections. The ARC appears more 
open due to the coarse mix and is much darker. 
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.CONSTRUCTION TESTING 
Samples were obtained duri~g construction for laboratory testing 
of aggregates, rubber, AC-5 and cores for creep and resilient 
modulus testing .. The rubber gradation and aggregate gradation 
were not within specifications. 
The Road Rater testing was conducted prior to and shortly after 
construction. Friction testing was completed after construction 
using an ASTM E274 trailer .. The results of all field tests are 
in Appendix C and all lab results in Appendix B. 
The creep and resilient modulus tests will be completed later. 
COST COMPARISON 
A drawback of using. any ARC mixtures over convention mixtures ~s 
the higher cost. The conventional asphalt cement was bid at 
$99.95/ton while the ARC was bid at $513.00/ton. The calculated 
prices of the different mixes are summarized in Table II. The 
ARC binder mixture is 159% higher and the ARC surface mixture is 
169% higher than the conventional mixtures. 
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Table II 
Mixture Price~ Calculated Fro~ Contract Bid 
Conventional Binder Conventional Surface 
$12.68 $13.08 
A. C. 10 5.10 A. C. 10 5.10 
(5.1%) $17.78/Ton (5.1%) $18.18/Ton 
ARC Binder ARC Surface 
$12.68 $13.08 
ARC 33.35 ARC 35.91 
(6.5%) $46.03/Ton (7.0%} $48.99/Ton 
EVALUATION 
Since construction, Road Rater and friction testing have been 
completed. There has not been sufficient time since construction 
to make any conclusions as to performance. 
Friction testing, Road Rater testing, crack surveys and rut depth 
checks will be conducted·annually. 
Creep and resilient modulus testing should be completed this 
fall. 
CONCLUSIONS 
From the project the following conclusion~ can be made: 
1. ARC mix can be constructed with little difference from that 
of a conventional mix. 
2. ARC pavement appears·to be in as good a condition as the 
conventional. 
JO 
Iowa Department of Transportation 
Highway Division · · 
Ames, Iowa 
#082704 
Date of Letting: August 27, 1991 
Date of Addendum: July 30, 1991 
Black Hawk County 
FN-21-6(6)--21-07 A. C. C. Resurfacing Bid Order 41 
In the proposal form on page 1 of the "Speci~l Provisions 
Text .. delete SP-1024, Special Prov1sions for Asphalt Rubber 
Cement (ARC) Concrete and replace it w·ith SP-1028, Special 
Provisions for Asphalt Rubber Cement (ARC) Concrete (attached). 
NOTICE:. Only the prime contractor receive.s this addendum and 
responsibility for notifying any potential subcontractors 
or suppliers remains with the prime contractor. 
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SP-1028 
(Replaces SP-1024) 
~Iowa Department Of Transportation 
SPECIAL PROVJSlONS 
for 
ASPHALT RUBBER CEMENT (ARC) CONCRETE 
FN-211(6}-21-()7, Black Hawk County 
August 27; 1991 
THE STANDARD SPECIFICATIONS, SERIFS OF 1984, ARE AMENDED BY. THE 
FOLLOWING MODIFICATIONS. TliFSE ARE SPECIAL PROVISIONS, WinCH SHALL 
PREVAIL OVER THOSE PUBLJSHED IN THE STANDARD SPECIFICATIONS. 
1028.01 DESCRIPTION. 
The asphalt rubber cement (ARC) concrete mix composition wlll include the 
incorporation of ARC in the mixture, using the aggregates selected by the Contractor. 
The Contractor shall have a representative of the rubber supplier available on the project 
site during production of the asphalt rubber cement concrete mixture. 
1028.02 GENERAL REQlnREMENTS. 
The ARC concrete mixes shall conform· to the requirements of the standard 
specifications for the standard asphalt cement concrete mixes as specified in the plans. 
The Standard Specifications are modified as follows: · 
A. Mineral Aggregate for. the ARC Concrete Mixes. 
Mineral aggregate requirements shall be in accordance with the plans and the 
standard specifications except the gradations for the concrete mixtures shall meet 
the following:· 
Sieve size 
1" 
3/4" 
1/2'' 
3!8" 
14 
liB 
130 
1150 
1200 
Percent passing 
1!2'' Type A ARC 
Concrete Mixture 
100 
90-100 
75-95 
50-70 
35-50 
15-25 
6-16 
2-8 
Percent passing 
3/4" Type B ARC 
Concrete Mixture 
100 
90-100 
70-90 
60-80 
40-60 
30-45 
12-22 
5-14. 
2-6 
12 
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B. Asphalt Rubber Cement. 
The asphalt rubber cement shall be a uniform reacted blend of compatible paving 
grade asphalt cement, ground reclaimed vulcanized rubber, extender oil if required, 
and liquid anti-stripping agent when indicated by standard moisture susceptibility 
tests. The asphalt rubber cement shall meet the physical parameters listed below. 
Apparent Viscosity, 34r>f' ., Spindle 3, 12 RPM 
cps (ASTM D2669 Brookfield) 
Penetration, 77~ ., 100 g, 5 sec.: 1/10 mm. 
(ASTM DS) . 
Penetration, 39.~., 200 g, 60 sec.: 1/10 mm. 
(ASTM DS) 
Softening Point: ~ ., (ASTM D36) 
Resilience, 77° F.,: % (ASTM 03407} 
Ductility, 39.2° F., 1 cpm: em. (ASTM Dll3) 
TFOT Residue, (ASTM D1754} Penetration Retention, 
39.2° F.: % 
Ductility Retention, 39.2° F.: % · 
c. ~t~roa 
Min 1,000 
Max 4,000 
Min 50 
Max 100 
Min 25 
Min 120 
Min 10 
Min 10 
Min. 75 
Min 50 
An asphalt extender oil may be added, if necessary, to meet the requirements of 
asphalt rubber cement~ Extender oil shall be a resinous, high flash point, aromatic 
hydrocarbon meeting the following test requirements. 
Viscosity, SSU, at 100 degrees F (ASTM D88) 
Flash Point9 COC, degrees F (ASTM D92) 
Molecular Analysis (ASTM D 2007): 
D. Equipment. 
Asphaltenes, Wt. % 
Aromatics, Wt. % 
2500 min. 
390 min. 
0.1 min. 
55.0 min. 
All equipment shall conform to the ·standard specifications unless noted otherwise in 
this Special Provision. 
1028.03 GROUND RECLAIMED VULCANIZED RUBBER. 
A. GeneraL 
The groimd rubber shall be produced from . the processing automobile and/or truck 
tires by ambient grinding methods. The rubber shall be ·substantially free from 
contaminants including fabric, metal, mineral, and the non-rubl:>er substances. The 
rubber shall be sufficiently dry to be free flowing and not produce a foaming 
problem when added to hot asphalt cement. Up to 4% by weight of talc or other 
appropriate blocking agent can be added to reduce agglomeration of the rubber 
particles. · 
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A.1 Physical Requirements. 
Gradation and Particle Length: When tested in accordance with ASTM C-136 
using a 50 gram sample, the resulting rubber gradation shall meet the following 
gradation limits. 
Sieve Size 
110 
#16 
#30 
#50 
#200 
Max. Particle Length 
A.2 Fiber Content. 
Percent Passing 
. TypeD 
100 
75-100 
26-60 
0-20 
0-5 
3/16'' 
The ground rubber shall be designated Grade A or Grade B. For Grade A 
rubber, the fiber content shall be less than 0.1% by weight. For Grade B 
rubber the fiber content shall be less than 0.5% by weight. The fiber content 
shall be determined by weighing fiber agglomerations which are formed during 
the gradation test procedure. Rubber particles shall be removed from the 
fiber agglomerations before weighing. 
A.3 Moisture Content. 
The moisture content of the ground rubber shall be less than 0. 75% by weight. 
A.4 Mineral Contaminants 
The mineral contaminant amount of the ground rubber shall not be greater 
than 0.25% by weight as determined after water separating a 50 gram rubber 
sample in a 1 liter glass beaker filled with water. 
A.5 Metal Contaminants 
. The rubber shall contain no visible metal particles as indicated by thorough 
stirring of a 50 gm. sample with a magnet. 
B. PAckaging 
The ground rubber shall be supplied in moisture resistant packaging such as either 
disposable bags or other appropriate containers. Bags shall be J)alletized into units 
for shipment and glue shall be placed between layers of bags to increase the unit 
stability during shipment. Palletized units containing. bags shall be wrapped with 
ultra-violet resistant stretch wrap.. The maximum allowable tolerance per bag will 
be!_ 2 lbs. for bags weighing 100 lbs or less. 
c. Labeling 
Each container or bag of ground rubber shall be labeled with the manufacturer 
designation for the rubber and the specific type in accordance with this 
specification, the nominal rubber weight designation with tolerance, and the 
manufacturer lot designation. ~alletized units shall contain a label which indicates 
---------------------·-----
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the manufacturer and production lot number designations, rubber type, and net 
pallet weight •. 
D. Certification 
The supplier shall ship with the rubber, certificates of compliance which certify that 
all requirements of these specifications are complied with for each production lot 
number of shipment. · 
E. Antl-:StrlppiDg Agent . 
If required by the job mix formula to produce appropriate water resistance, an anti-
stripping agent that is heat stable and approved for use by the specifying agency 
shall be incorporated into the asphalt rubber cement at the percentage required by 
the job mix formula. It shall be added to the asphalt cement prior to blending with 
the ground rubber. · · · 
1024.06 ASPHALT RUBBER CEMENT BLEND D~GN 
The asphalt cement shall be grade AC-5 unless otherwise recommended by the asphalt 
rubber supplier and approved by the Engineer. The asphalt rubber cement design shall be 
performed by the asphalt rubber supplier. The proportion of .ground rubber shall be 
between 15 and 20 percent by weight of the total mixture of the asphalt rubber cement. 
The Contractor shall supply to the Engineer a mix formulation at least 10 days before 
pavement construction is scheduled to begin. The mix formula shall consist of the 
following information. 
A. Design Mix.. 
The design mix shall meet the requirements of the Standard Specifications, Series of 
1984, and as amended herein. 
B. Aspbalt Cement. 
The Source of Asphalt Cement. 
The Grade of Asphalt Cement. 
The Source and Grade of Extender Oil. 
The Percentage of Asphalt Cement and Extender Oil by total weight of the Asphalt 
Rubber Cement. 
C. Gmuod Reclaimed Rubber. 
The Source of Reclaimed Rubber. 
The Grade of Reclaimed Rubber. 
The Percentage of Ground Rubber by total weight of. the Asphalt Rubber Cement. 
If ground rubber from more than one source is utlllzed, the above information will be 
required for each S9Urce of ground rubber used. 
D. Anti-Strip Agent. 
The Source of Anti-Strip. 
The Percentage of Anti-Strip by weight of asphalt. 
- --------------------
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E. Physical Prq»erties. 
The physical properties of the blend in accordance with Section 1028.02B. 
The weight per gallon of the blend at 350°. 
F. Asphalt Rubber Cement Content. 
The design asphalt rubber cement content based on the dry weight of the aggregate. 
G. Mix Temperature Range. 
The mix temperature range for the aggregate andasphalt rubber cement. 
H. J:lemdty Requirements. 
The mixture design will be based on the 50 blow Marshall test. 
1028.05 ASPHALT RUBBER CEMENT AND PRODUCTION EQUIPMENT 
All equipment utilized in production and proportioning of the asphalt rubber cement shall 
be described as follows: · 
A. Asphalt Heating Tank. 
An asphalt heating tank with a hot oil heat transfer system or retort heating system 
capable of heating asphalt cement to the necessary temperature for blending with 
the ground rubber. This unit shall be capable of heating a minimum of 3,000 gallons 
of asphalt cement. 
B. Blender. 
An asphalt rubber mechanical blender with a two stage continuous mixing process 
capable of producing a homogeneous mixture of asphalt cement and ground rubber, 
at the mix design specified ratios, as directed by the engineer. This unit shall be 
equipped with a ground rubber feed system capable of supplying the asphalt cement 
feed system, as not to interrupt the continuity of the blending process. A separate 
asphalt cement feed pump and finished product pump are required. This unit shall 
have both an asphalt cement totalizing meter in gallons ·and a flow rate meter in 
gallons per minute. 
C. Storage Tank. 
An asphalt rubber storage tank equipped with a heating system to maintain the 
proper temperature for pumping and adding of the asphalt rubber to the aggregate 
and an internal mixing unit within the storage vessel capable of maintaining a proper 
mixture of asphalt cement B:Jld ground rubber.· 
D. Supply System. 
An asphalt rubber supply system equipped with a pump and metering device capable 
of adding the asphalt rubber by volume to the aggregate at the percentage required 
by the job-mix formulB;. : 
16 
SP-1028, Page 6 
E. Temperature Gauge. 
An armored thermometer of adequate range In temperature reading shall be fixed In 
the asphalt rubber feed line at a suitable location near the mixing unit. 
1028.06 ASPHALT RUBBER CEMENT MIXING, REACTION AND TRANSFER_ 
PROCEDURE. 
A. Asphalt Cement Temperature. 
The temperature of the asphalt cement shall be between 375° and 425° F. at the 
addition of the ground rubber. 
B. Blending aod ReactiDg. 
The asphalt cement and ground rubber shall be combined and mixed together in a 
blender unit, pumped into the agitated storage tank, and then reacted for a minimum-
of 45 minutes from the time the ground rubber is added to the asphalt cement. 
Temperature of the asphalt rubber cement shall be maintained between 325° and 
375° F. during the reaction period. 
C. Transfer. -
After the material has reacted for at least 45 minutes, the asphalt rubber cement 
shall be metered into the mixing chamber of the hot mix plant at the percentage 
required by the job mix formula. 
D. Delays. 
When a delay occurs in asphalt rubber cement use after its full reaction, the asphalt 
rubber shall be allowed to cool. The asphalt rubber cement shall be reheated slowly 
just prior to use to a temperature between 325° and 375° F., and shall also be 
thoroughly mixed before pumping and metering Into the hot mix plant for 
combination with the aggregate. The viscosity of the asphalt rubber cement shall be 
checked by the asphalt rubber supplier. If the viscosity is out of the range specified 
in Section 1028.02B of this specification, the asphalt rubber cement shall be adjusted 
by the addition of .either the asphalt cement or ground rubber as required to produce 
a material with the appropriate viscosity. 
1028.07 COMPACTION REQUIREMENT. 
The Asphalt Rubber Cement concrete shall be compacted to 95% of laboratory density. 
1028.08 COMPACTION EQUIPMENT. 
A minimum of two rollers meeting Article 2001.05 Paragraph B shall be furnished. 
Pneumatic tired rollers will not be allowed. 
1028.09 METHOD OF MEASUREMENT AND BASIS OF PAYMENT OF ASPHALT 
RUBBER CEMENT (ARC) CONCRETE. 
The Asphalt Rubber Cement Concrete Mix will be measured as per the standard 
specification, and be paid for in tons. Asphalt Rubber Cement for use in the Asphalt 
Rubber Cement Concrete Mix will be measured as per the standard specifications and be 
paid for in tons. -
I· 
1 f ' '·:; .: 
17 
Listed below are the material noncompliances on project 
FN-21-6(6)--21-07, Black Hawk County. The contractor was Aspro 
Inc. of Waterloo, Iowa and the reacted rubber was finished by 
International Surfacing Inc., Chandler, Arizona. The special 
provisions according to SP-1028 are also listed. 
Aggregate Gradations 
1/2 11 Type A ARC 
• 
Gradations Gradation 
Sieve Size SP-1028 ·Ran by Aspro Ames Lab 
3/4" . 100 100 100 100 100 
1/2" 90-100 99 98 98 99 
3/8" 75-95 85 84 74· 85 
#4 50-7'0 55 55 49 55 
.#8 35-50 37 38 37 37 
#30 15-25 20 21 20 19 
#50 6-16 14 13 12 11.4 
#200 2-8 9.5 8.5 7.2 7.5 
3/4" Type B ARC 
.. , 
Gradations Gradation 
Sieve Size SP-1028 Ran by Aspro· Ames Lab 
1" iOO 100 100 100 100 
3/4 11 90-100 99 99 99 100 
1/2 11 70-90 78 81 84 87 
3/8 11 60-80 . 60 61 70 71 
#4 40-60 38 36 46 46 
#8 30:..45 26 25 32 31 
#30 12-22 15 14 18 17 
#50 5-14 9.3 8~9 11.9 10 
#200 2-6 6.5 6.1 8.3 7.1 
.. 
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Rubber Gradations & Particle Length 
17%. 2% 
sieve size SP-1028 1GR 10-20 TBS 20 
Combined 
#10 100 99 100 
#16 75-100 44 100 
#30 26-60 . 4.8 58 
#50 0-20 1.0 18 
#200 o-5 o.o 1.8 
Max. Particle Length '3/16 11 Many pieces ranged. from 1/4 11 to l/2 11 • 
According to SP-1028~03 / 
The.ground rubber shall be produced from the processing automobile 
and/or truck tires by ambient grinding methods. 
99 
50 
10 
2.8 
0.2 
2% Tennis Bali. scrap was used in this project, lot #5470, which is in 
noncompliance. 
19 
Appendix B 
Lab Results 
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·ID•pt. fPhone If 
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No.074606 
Ft.~. if Fu • }!J?-33· 
May 22, 1992 lSI Project No. R-9210 
Aspio 
P.O. Box 2620 
Waterloo, Iowa S0704 
Attention: Mr. Brad Blough, Estimator· 
Rc: Iowa DOT Project FN·21-6(6)-21..07, Black Hawk County 
Final Mlx Dcsip Report, Data and Recommendations for 1/2" and 3/4" Asphalt-Rubber 
Concrete (ARC) Mixes -
Dear Brad: 
We have completed the mix design teSting for the above referenced project. This report outlines 
the procedures used and preSents the tlnal tip~t-rubber (A-R) binder and Marshali test data, 
required JMF information, ana· recommendations for each of the dense-graded ARC mixtures. 
Pleue submit this iJlfonnation as appropriate for approval. 
·Based o.n evaluation of the niix design data for the 3/4" .leveling course mix, we recommend a 
design asphalt-rubber (A·R) blrtder content of 6.95~ by weight of dry aggregate, equivalent to 
6.5 ~ by total mix weight. For the 1/2" surface mix, we recommend a design A-R binder 
content of 7.53~ by weight ~f dry aggre&ate, equivalent to 7.0~ by total mix weight. Based 
on the results of moisture resistance testi."lg, we further recommend that the aggregates for both 
mixes be treated With 1 ~ lime by dry aggregate weight to improve moisture resistance. · 
SAMPLE P&EPARATIQN and TESTING 
The asphalt-rubber binder was designed by lSI. Due to problems in achieving the spe¢ii1cd . · 
minimum ductility at 39.20F, four different asphalt cements were tried in a total of at least nine 
trial A-R reactions with varying perce.n~es and types of ground rubber available for use. 
However, none of the blends eould supply the required ductility. Since this physical property 
has not been correlated with perfonnance of hot mix ARC pavements, and is primarily wed for · 
quality assurance, it is not critical. Mr. Keith Norris, Iowa DOT District 2 Materials Engineer, 
. wu contacted and indicated willingness to waive the ductility requirement upon lSI's written 
recommendation. The binder exhibitS g~ flexibility at low temperatures. 
T~t data for the A-R binder, including specific gravity at 6QCF and calculated weight per gallon 
at 3SOOP, are presented on the Asphalt-Rubber Blend Testing sheet, Figure 1. This binder will 
be used in both ARC mixes. 
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Mr. Brad Blough, Estimator 
Aspro, Waterloo, Iowa 
ISI received samples of three aurcgates from· Aspro, designated as follows: 
3/4• Type A (for 3t4• levcliha course) ' 
1/2" Type A (for 1/2" surface course) 
Washed Sand (for use in both mixtures) 
Ma.::22 im: 
.. y. ' .... 
~2 
'Ibe aggregate samples were artificially graded U> match average stockpile grading data provided 
by Aspro. A~atc blend proportions and composite gradings for each mixture are presented 
on Figures 3 and S. · 
Prior to mixing batches for Marshall testin&, the respective combined aggregates were .heated 
to 3ooaP and the A-R binder wa5 heated to 3SO"F. Testing~ performed according to ASTM 
D15S!> aJ\d the Asphalt Institute MS·2 Procedute. Compaction was performed at 280 +I- SC'F 
(275"F is the minimum laydown ~perature tor ARC inixes) using SO blows per face. · 
Tests on the aggregate and the mixes were· performed according· to applicable ASTM :and 
MSBTO procedures. Test data for the~ and respective ARC mixes are p~ted on 
· rlgUI'eS 6 and 8. Figures 7 and 9 preseiit Plots of the Marshall properties. 
Moisture resistance testing, using the Root-TUnlcliff Method was performed only on the 3/4" 
leveling course mixture. This procedute includes vacuum saturation of the wet specimens, 
followed by a 16-hour freeze cycle and a 24-hour soak in a 140"F waterbath. The tensile 
stm~gth ratio (TSR) of moisture conditioned to dry control specimens is 61.7%. This is lower 
than the recommended minimum of 70%. Furthermore. visual inspection of the moisture 
1 
conditioned !po¢imcns after teStillg indicated the presence of some plastic fines which did not 
retain coating. The final degree of saturation (a\'erage 138.3%, based on specimen volume 
increase) supports the observed presence of plastic fines. We therefore recommend addition of 
lime to bg1b mixes, because of the similarity of the aggregates. 
FURTHER RECOMMBNDA TIONS 
Specific 1MF recommendations are presented on the attached Job Mix Formula sheets.: Figures 
2 and 3 forth~ 3/4" ARC mix, and Flgurt! 4 and 5 for the 1/2 11 ARC mix. 
Based on laboratory air void content data for both mixes, we recommend a density requirement 
of 96% of laboratory Marshall density. If teSts of either A·R mixture during placement indicate 
· lower air void contents than the attached data, thls recommendation may be modified u 
appropriate. However, V/e do not recommend that in-place air void content of the compacted . 
mixes be less than 3 9& nor greater than 8% . 
-----~----_________ __:_ ____ ____:_ __ _j 
. :.- ... 
-- ~~----~-~----~-
Mr. B~ ~o~gh, Estimator 
Aspro, Waterloo, Iowa 
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· FlJRTfiBR RECOMMENDATIONS I continued 
May 22,lm··~:·:·:·:·: ; 
Pagc3 
We recommend setting the ARC mixes to the grade at $. ~u.rc of about 3000F to facilitate 
compaction. A! previously noted, the mWmum laydown temperature for dense-graded ARC~ 
~ is 275~. We further recommend tbe use or the Vibratory mode for at least the breakdown 
covCra&es, unless excessive aggregate f1'actuMg is obseivcd~ It is O'Jr experience that this is 
the most effective method of compact.irtg ARC mixes. Due to the distinctly different physical 
propesties of the A.".R binder, cOmpaction must generally be achieved before the mat temperature· 
dropt below 2500P I V cry little further compaction can be obtained at . temperatures lower than 
this. Therefore, we recommend that the breakdown coverages follow the paver as closely as 
pm.ctic:ablc. Finish rolling for appearance may be. performed after the. mat temperature drops 
below. 2So-F. If necessary to facilitate compaction, the lab data do not indicate any problem 
with increAsing the binder contezlt slightly (within Iowa DQT tolerances from the JMF). 
Tho mix desips and reco.mmendations ate based on the acgregate materials and avcraae grading 
data -~ed by Aspro and the attached laboratoty 4ata. V.Jnor variations durlna production 
may occur due to nonnal plant or pit operations. However, if-the a.urcgate sources change or 
gmdatlon. variel excessively from that us=d in these designs, these recommendations may no 
longer apply. 
We are pl~ to be of service to you on this project. If you have any questions, or if we can 
assist you further, please do not hesitate to contaCt us immediately. 
Anne Stoncx 
Materials Systems Engineer and 
Laboratory Director 
Attachments 
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Ari~ono ControctO(s License NO-074~ 
May 19, 1992 
Aspro 
P.O. Box 2620 
Waterloo, Iowa 50704 
Attention: Mr. Brad Blough, Estimator 
Re: Iowa DOT Project FN-21-6(6)-21-07, Black Hawk County 
lSI PRoject No. R-9210 
Preliminary Mix Design Data and Recommendations· for 1/2" and 3/4 11 Asphalt-Rubber 
Concrete (ARC) Mixes · 
Dear Brad: 
We have completed the initial mix design testing for both of the ARC mixes for the above 
referenced project. ·Moisture susceptibility testing on the 3/4" mix will be completed on 
Thursday, May 21. Due to limited time and materials, we are testing only the mix with the· 
lowest binder content as the critical case. We have selected the AC-5 asphalt cement from 
Bituminous Materials as the base asphalt for the asphalt-rubber binder for both mixes. The same 
A·R binder was used for both mix designs. The laboratory test results for the ~-R binder are 
a~tachea, along with the gradation and Marshall data for both mixes. We will transmit a fmal 
report to you as soon as the rest of the testing is completed. This interim report is for your 
information and planning purposes, and is not the final submittal report for the Iowa DOT. 
Preliminary tests on t.~e selected A·R binder indicated a ductility at 39.2°F of 9.5. Although this 
value did not repeat in subsequent tests, it is our opinion that the proposed binder provides the 
best overall physical pr9perties with respect to compatibility, viscosity, resilience, and softening 
point, of the nirie triil A-R blends we tested. Since the referenced properties are those most 
directly related · tq pe·r-f~i!J1~i1~~i.·we ;·¥e satisfied that the proposed binder is appropriate. The 
A-R specific~ grav-ity dete.Pm1nation, atong with tests on the aged A-R residue, will be completed 
Wednesday i; i 1 
,. 
i i 
Because we: used an ~ssu.rn~ value ~f A-R specific gravity in the Marshall calculations. some 
of these calc!}latiqn.~-:~:l)#;.e~;ffecte4lby the specific gravity test results. If so, we will transmit 
corrected ~~shall_.~2:~ ~~e~ts:':~~ plots as soon as possible. 
Based on evaluation of the preliminary mix design data for the 3/4" leveling course mix, we 
recommend a design asphalt· rubber (A·R) binder content of 6.95% by weight of dry aggregate, 
equivalent to 6.5% by total mix weight. For the 1/2" surface mix, we recommend a design A-R 
binder _content of 7.53% by weight of dry aggregate, equivalent to 7.0% by total mix weight .. 
.( .. 
·-. 
6751 West Golveston • Chondler, .Aiizono • 8522~~512 
.-" 
Mr. Brad Blough, Estimator 
Aspro, Waterloo, Iowa 
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May 19, 1992 
Page2 
We are pleased to be of service to you in this matter. We plan to transmit additional data and 
final recommendations Thursday afternoon unless we advise you otherwise. We will include 
recommended density requirements and any other required data with the final submittals for 
these mix designs. As requested, we are faxing a copy of this transmittal to Mi'. Keith Norris, 
Iowa DOT District 2 Materials Engineer. If you have any questions, please do not hesitate to 
eon tact us immediately. 
Sincerely, 
7 
. c::&t.- _,._ .. ~ ~~"7" 
Anne Stonex 
Materials Systems Engineer and 
Laboratory Director 
cc: Mr. Keith Norris, DiStrict 2 Materials Engineer 
Attachments 
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ASPHALT CEMENT: BITUMINOUS MATERJALAC-5 81 1693.1 
RUBBER #1: BAKER WTP--20 ~--=----=+---.-_.:....-_.;;1~7---+---._:3~5-=-5~.3~---1 
RUBBER #2: TBS-20 2 41.8 
... --·------·~-----+---_;.~---· ADMIXTURE:· · · 
- -- -·-·-·-~-----------1--------~ EXTENDER: 
-------·-·---t--....,..__. __ 
DILUENT: 
-·-·-TOTALS:·----1·0-0----+ 2090.~ 
---~===·=· ~====~=·---· ====================~==~=-~ 
TEST RESULTS 
135 360 1440 
2970 2850 2560 
358 F 359 F 351 F 
. 2650 2750 
3S8F 359 F NfT 
66 67 71 
36 41 NfT 
I 
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Proj~ct: Iowa DOT Project FN-21-6(6)-21-07, Black Hawk County 
1/2" Surface 
Agg.1 
Agg.2 
Agg.3 
Agg.4 
Agg.5 
3/4~A ___ _ 
1/~ TyJ:!A 
Sand 
s ieve Anal sis Comoute dC omoos1te Gradattons 
By: 
Sieve PercentP~~~rui. :-:- S_leve Perce~ Passing A:Qa. 1 ~aQ. 2 Aaa. s ---:4 ~: s :trial 2 Trial 3 Size Size trial1 1Trial4 ISileC. Min ,. 100 100 100 ,_ 
--
1' 100 0 _Q_ 0 100 
3/4• 99 100 100 
·-
~4· 100 0 0 0 100 
1/2' 80 99 100 1--- 1/2:' 99 0 0 0 90 3/8. 60 81 100 ·-- ~Ja• ·- 84 -a -·---o 0 75 
#4 34 51 100 ·- -·- #4. 59 0 0 0 50 
-1#8 22 32 88 #8 -~ 0 0 0 35 
·----- rsa-·- 0 #30 12 16 47 21 0 0 15 
•so ---ro 13 . 10 ·- ~50·--12 0 0 0 .6 
#200 7.1 9.5 o:·s- :--;......_. .#200- ---ao 0.0 0.0 0.0 2 
100 f--· I"""""""'T--_.-r--r==--r---:- __ -_r- . ~== -~---
·- -.....:1----~ 
---
·. ·····.· .•·.· .·.•.•.· 
-r---·-~.- -7_.:.:.::. ·.; .. ::."77· 
-- --~-·-··· .•: ••• 'j}" 
. ...;.._., -=----1--- .-- .... ·:-::.:~'-······ 
,---- - .·.•.•.·.·.·=-·~r::· ... 80 
.·.·.······.:.t::;_ 
:::;··.::~~-·- . 
. :;r-:7:;:..:-::L. -.= -==-~----···~~ -
05/19/92 
KRH/AS 
100% 
aoee. Max 
100 
100 
100 
95 
70 
50 
25 
16 
8 
-;· 
. ': ~ ',. ... ~· ' ~ . '.: . 
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Summary of Marshall Mix Design 
ProJect NAme: 
Mix Description: 
·Iowa DOT, PrcjeC\No. FN-21 -8(6)-07, Bleck Hawk County 
1/2' Surface; Oato: 5/18/92 lSI Job No. R-921 o 
Stability 
lSOO 
1000 
6,S 1 7.5 a 
Biader Co11ttDI, ~ Totd Mil 
Flow 
20 
/ 
L. v 
~ 
-
16 
14 
i2 
10 
6J 7 I 
Biacltr Co11rta1." Total Mil 
unit Weight 
1.50 
141 
/, ~ 
-· \. /· 
140 
6 6J 7 7J. a 
Siacltr Coaltlll.,. Total Mia 
· Maximum Theoretical Specific Gravity 
2..6 
\i.J -
2.3 
··2.2 
6 u 1 7.5 • 
Bindc:r Co.llttat, S Total M~ 
" <
::l 
.> 
* 
'l 
-... ~-
:. ; . 
Air Voids 
10 
l 
-~~ 
---. 
2 
0 
6 6.5 7 1.$ I 
BiDder Coareat, " Toul Mil 
VMA 
20 
te 
i) 
16 
'" 
12 
10 
6 u 1 'U' I 
Biacicr Coaltal, '5 Total Milt 
Voids Filled 
100 
90 
60 
70 ~ v 
---
~ 
60 
6.5 .1 7J • 
Billder Coalear. S Total Mil 
Recommended Binder Oontont. 7.0% 
Stabi~. lbs, 1120 
Air Voids Total Mix, " 4.1 . 
Unit Weight J)_Cf 1-42.3 
Flow, o.ootln. 15 . 
VMA." 16.5 
Voids Filled, " 75 
Maximum Theo. Sp. Grav. . 2.sn 
Romarke: 
Mix Compacted@ 280 +/- S F. 50 blows per side 
Summary of Marshan Mix Testing 
Project: Iowa DOT ProJect No. 21-6(6)-7, Black Hawk County 
Mix:· 1/2" Surface Mix 
Binder SSDWt I Wt.ln OryWt. I Specific Unit Maximum 
Content sso H20 In Air Gravity Wel~ht Theoretical Air Voids VMA 
6.5% 1227.5 687.4 1224.4 2.267 141.5 2.394 5.29% 16.54% 
6.5% 1239.7 693.8 1235.3 2.263. .141.2 2.394 5.46% 16.69% 
6.5% 1216.6 683.4 1212.1 2.273 141.9 2.394 5.03% •16.31% 
6.5% AVERAGE 2.268 141.5 2.394 5.26%i 16,51% 
Binder 1 SSDWt. WI. In OryWt. Specitlc Unit Maximum 
Content sso H20 In Air Gravity Weight Theoretical · AlrVolds VMA 
7.0%· 1212.5 682 1209.8 2.280 .142.3 2.377 4.06% 16.49% 
7.0% 1214.7 685.5 1212.5 2.291 143.0 2.377 3.61% 16.10% 
7.0% 1212.1 679 1209 2.268 141.5 2.377 4.59% 16.95% 
7.0% AVERAGE· 2.280 142.3 2.377 4.08%1 16.51% 
Binder SSOWt. Wt.ln OryWt. Specific Unit Maximum 
Content sso H20 In Afr . Gravltv WelQht Theoretical Air Voids VMA 
7.5%. 1267.5 711.8 1265 2.276 142.0 2.360 3.56% 17.09% 
'7.5% 1247.3 702.7 1245 2.286 142.7 2.360 3.15% 16.74% 
7.5% 1203.6 678.5. 1201.9 2.289 142.8 2.360 .. 3.03% 16.63% 
"1.5% AVERAGE 2.284 
-
142.5 2.360( 3.25% 16.82% 
Voids 
Filled 
68.0% 
67.3% 
69.2% 
6B.~k 
Voids 
Filled 
75.4% 
77.6% 
72.9% 
75.3% 
Voids 
Filled 
79.2% 
81.2% 
81.8% 
80.7% 
Date: 5/18/92 
Corrected 
StabRitV FICYN 
1936 13 
1936 14 
1979 13 
.1950[ 13 
Corrected 
stabllitv Row 
1767 14 
1860 14 
1541 16 
1723 15 
Corrected 
StabfUtv . Flow 
1339 19 
1584 18 
1535 16 
1486 18 
N 
CX> 
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Project: Iowa DOT Project FN-21-6(6)-21-07. Black Hawk County 
3/411 Level.ln.9 
Agg.1 
Agg. 2 
Agg.3 -----
Agg.-4 ·-·--·--
By: 
05/19/92 
KRH/A$_ 
Agg. 5 ----·- __ ..:~o...;......o....---'--~--~...--"'---....J-.---.-... 
s· Anal • co 1eve SIS mpute dC ompasite ra IOOS G daf 
Sieve Percent Pass•ng =- Sieve Percent ~assing 
Size A~g. f ~gq. 2 "gq, 3 ~qg. 4 -~ s Size Trial 1 [Trial2 rrnal3 lfriaJ 4 SPec. Min ~~.Max 
1. 100 100 100 1. 100 0 0 0 100 100 
3/4. 99 100 100 -- 3/4• 99 0 0 90 100 
-·-
f--·- 0 1/Z" 80 99 100 J/21 - _,_g -0 0 0 ?0 90 i~s· ----so 81 100 1---- 3/8. 66 -a 0 0 60 80 
#4 34 51 100 - 1--·- ~L_ 45 0 0 0 40 60 
#8 22 32 88 f--- #8 33 0 0 0 30 45 
#30 12 16 ~7 -·-r--- ~~---~ 1--.2 0 0 12 22 .:..... . #50 10 13 "1o ·--
--
f--··- #SO 10 0 0 0 5 14 #200 7.1 9.5 --;:- #20o- ·-e.o 0.0 o.o 0.0 2 6 0.5 
100 ..--~--,··,-,- -~·-.----- -,-- ··----- ~ ;; ..... ·'······ t==~:t::::tt::::t:t:.:t==·-r- -=~f.---==·=- -::------ ·.·.~ ~:::::·:·:::·· ~ 
--r-1-- - ~
-r-f-- -·- ·- .. :;;"·":':'":":';":':":'·"·'· 
I I. 
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Summary of Marshall Mix Design 
Project Name: . Lowa DOT, Project No; FN-21-8!8) -07. Slack Hawk Coun~ 
Mix Cetcriptlon: !/4" L•veling 
Date: ~ 
lSI Job No. R-9210 
Stability 
2500 
2000 
ssoo "-k::=----+----t---+-----1 ~~1~--~--+---~ 
1000 
IS 15.5 7 ?.S • 
BiDder Coate !It by Total W1. 
Flow 
_...; 
--
:.--
/ v 
10 
' 
1 ?.S 
. Biadet Coatut byTot2..1 WL 
Unit Weight . 
ISO 
. dJ 7 7.5 
llilldtr CoatcatllyToul Wt. 
· Maximum Theoretical Spe~ific Gravity 
'f 2.6 
0 
1$ ~ 2.5 
:t 
1 2.4 
i 
~ 2.3 
~ ,. 
11 
-
.j. :l-2 
.:l 
' 
7 7.S I 
a 
7 
\ 
1'1 
AIR VOIDS 
--
:---. 
._, ~ 
............. 
1 
0 
IS 
20 
18 
16 
14 
12 
10 
100 
~ 
6 
IS.$ 1 u 
Biade!r Coataac by Tot&l Wt, 
VMA 
c 
~
u 1 7.S 
8i~tllcr Coatcllt lly Total WL 
Voids Filled 
____.. 
,_,_... 
·ao :~ ~ 
70 
' 
6.5 7 
. BIDicrCoatcat byTol.d WL 
Recommended Binder Content 8.5~ 
Stability, lba. 1300 
/Vr Voide Total Mix " 3.9 
Unit Wefa_ht, oct 141.8 
Flow 0.001 ln. 17 
VMA." .. 18.3 
Voic:ft Filled, " 78 
Maximum Theo, S~. GraY. 2.367 
I 
I 
I 
Aernarke: · · . · . · . . 
Mbc Compacted® 280 +I-s F,50.blo~ perllde • 
• ·•P'rf ••• ,. • I 
_ .. , 
Summary of Marshall Mix Testing 
Project: Iowa DOT Project No. 21-6{6)-7, Black Hawk County Date: 5/18/92 
Mix: 3/4" leveling · 
Binder SSOWt. Wt.in I DryWt. Specific 1 Unit Max1mum Voids Corrected Content,% sso H20 In Air Gravitv Weight Theoretical Air Voids VMA Filled . Stabilitv Flow 
6.0% 1227.8 694.7 1221.6 2.292 143.0 2.383 3.84% 15.18% 74.7% 16695 15 
6.0% 1219.8 688.8 1212.1 2.283 142.4. 2.383 4.21% 15.51% 72.9% 1620 14 
6.0% 1158 647.8 1153.4 2.261 141.1 2.383 5.13% 16.33% 68.6% 1420 16 
6.00;{, AVERAGE 2.278 142.2 2.383 4.39% 15.67% 72.1% 6578 15 
Binder SSOWl Wt. in Dey Wt. Specific Unit Maximum Voids. ·Corrected 
Content sso H20 in Air GraVIty_ Weight Theoretical Air Voids VMA Filfed Stability A ow 
6.f)% 1212.8 686.1 1203.3 2.265 142.6 2.367 3.46% 15.89% 78.~k 1188 14 
6.5% 1214.6 681.3 1211.7 2.272 141.8 2.367 3.99% 16.35% 75.6% 1467 17 w 
6.5% 1228.5 688.2 1224.2 2.266 141.4 2.367 4.26% 16.58% 74.3% 1253 19 
6.5% AVERAGE 2.274 141.9 2.367 3.90% 16.27% 76.1% 1303 17 
Binder SSOWt. Wt.fn I DryWl I Specific Unit Maximum Voids Corrected Content SSD H20 !nAir · Gravitv Weight Theoretical Air Voids VMA Filred stabmtv Flow 
.7.0% 1210.3 683.7 1203.3 2.285 142.6 2.350 2.78% 16.32% 83.0% 1530 15 
7.0% 1200.3 676.3 1204.5 2.264 141.3 2.350 3.67'% 17.09% 78.5% 1374 19 
7.0% 1200.1 674.1 1196.1 2.274 141.9. 2.350 3.25% 16.72% 80.6% 1302 16 
7.0% AVERAGE 2.274 141.9 2.350 3.23% 16.71% ·80.7% 1402 17 
Binder 1 SSOWt. Wt.ln DryWt. Specific Unit Maximum Voids I Corrected 
Content SSD H20 In Air Gravity· WeiQht Theoretical Air Voids VMA Filled Stability Row 
7.5% 1239.6 698.1 1236.1 2.283 142.4 2.334 2.21% 16.86% 86.9% 1188 21 
·7.5% 1202.2 675.8 1200 2.280 142.2 2.334 2.35% 16.97% 86.2% 1311 20 
7.5%. 1199.8 668.2 1198 2.254 140.6 2.334 3.46% 17.92% 80.7% 1152 24 
7.5% AVERAGE 2.272 141.8 2.334 2.67% 17.25% 84.6% 1217 22 
Binder . SSDWt. Wt.in I Dry Wt. Specific Unit Maximum I Voids Corrected Content sso H20 In Air Gravity WeJght Theoretical Air Voids VMA Filled Stability Ffow 
0.0% 1205.5 576.7 1204.3 2.ZT7 142.1 2.319 1.78% 17.50% 89.6% 1376 24 
6.0% 1237.7 696.6 1236.8 2.266 142.6 2.319 1.42% 17.20% 91.7% 1359 21 
6.0% 1231.7 694.9 1230.6 2.292. 143.1 2.319 1.13% 16.95% 93.3% 1329 22 
8.0% AVERAGE 2.285 142.6 2.319 1.44% 17.22% 91.6% 1355 22 
:·r: 
Form 120007 ·10181 H·1392 
s: [), :. 
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COMMENTS: DeiiYI. Breekdowni;Comtellve Action, etc. 
•Thlckneaa: (1).Actull, (2) Intended . •·. 
Bll.umlnoue Treated Baee: Enter~ Moisture In~ Volda Column 
I;~ Iowa Department of Transportation 
~ DAILY J:ILANT REPORT 
BITUMINOUS TREATED BASE, ASPHALT CONCRETE 
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Project ,q.J~~J-C,{(,.')--~l--0'1 
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Form 820007 08IVO H-1881 
Advisory- Fines/Bitumen_ Rallo ., '9: l/-..f t.. 
Ave.'!I.Field~Vd .. ~ 
Lab'lloVolds 2,1 \ 
0.1. (Density) • , 
(Show Calculation) 
.-:------::-:--'2..('1'),8/I~J<,) 2... 0: D, = 
(J-1) = I. +1 
~-:r:::. CZ7,8tB-? s.ooo_ c: (. r? 
I• 4ifi. . 
Acceptanoa Flnea/Bitumen Ratio • 9,3 i h, 
COMMENTS: Delay.. BR!ekdowne, CorrectlvaActlon, etc. 
"Thlcknea: (1) Actual, (2) lnlllndld 
Bituminous Treated Base: Enter 'llo Molatureln 'llo Voids Column 
~~ Iowa oepartme~t of Transportation 
,.._ DAILY PLANT REPORT . 
BITUMINOUS TREATED BASE, ASPHALT TREATED BASE, ASPHALT CONCRETE 
COMMENTS 
,t)n:~:PI-'flll'"c"t;=" 6.~1D,4Tit;rJ /.S All6..e,l\6"6 t"F 3 GR.A.Df'1.'T'rt'N'u",. 
. ··. 
. . . ~ . . : 
· .. : ... 
. -:·~··=-.-
. ·: . ., ... ;: -··.,.:<:·34·.::/.,·-.··.:: . ,: : 
. ·. . .... -~ .· .. 
. . 
.. · .-.·::··.··: ... ··.-: 
.· . . . . -~ . : :. ~:. 
.. :. ·.:-.:·· .·· : . 
. · . 
IOHA DEPARTMENT OF TRANSPORTATION 
Office of Materials 
Highway Division 
·TEST REPORT- MISCELLANEOUS MATERIALS 
··-- ··--· -·- ---~-AliEs LABORATORY··- -·-·,···-· ..... ------· ······ 
PC-5 &. Rubber Blend PJ32-129 Material-~--~__:__--~--------------:- Labora.tory No. ______ -.-.-.. -... - .... -. __--
A.R.C. Overlay. Intended U~e __ ...:.:_:.:..:..::..:_=::....:..::.:._ _ _.;. ________________ --:---~------
. 
ecunty· __ _!B~l~ac~kJJH~aWt<~·--------:-----...,.--- Proj. No. FN-21-6( 6)--21-07 
Produec:r _ _.~..~lnlltern.t:D.Ulat.J...iu..on!l..LawlL..2!SIJLirfJ..aSJ.I.c.s::eLrs::t._ _____ Contractor -...!.As.::z.:pro....:::..... ___________ _ 
Source Water 1 oo 
Unit of Matcrlal -~Bl!,fendm_QofL..,aAC!:!;:-:;!_5.3...., .£,2%~1BQ,SL..Q20:L.!Jrubbe~ar..2., ....!:an(f!!..!!.,::!.......!;17%!AL.1.u:6R~1.!::!:0-:=20~rubbe~Er __________ _ 
• Anderson ~--d • N CA2-105 Sampled L,J.-_ ___.:.:=;:::....::.:::.:...:., _______________  era· o. _________ _ 
6 25-92 7-7-92 D R _J 7-10-92 Date Samplcd_.....::...-..=::.....:::.=:.__ ___ Date Rec"d --=-...:.......::.=.....____ ate cportou -.:...........~.::....._ ___ _ 
: ···~: ('··.:: .:-:· .··:::~ .· ·:: ... 
-.. .-. - .. · .... : .. .. 
_.·.·· ··.-~.:- .: •. . 4 -~ .. 
-... 
. · :· -: .. · . ·::·'-: ... _ ..... -.:: .. · .. _ _-: -.. · ..... :. •)' :·· .. -..: •. :· .-·:·;-.: . 
.) . . . ···· .. 
-/ . SP-1028, Page 2 . 
B. Asphalt Rubber Cement. 
• I 
The asphalt rubber cement shall be a uniform reacted blend of compatible paving 
· grade asphalt cement. ground r~clalmed vulcanized rubber, extender oil ff required, 
_____ . ----· _ _ __ . and liquid anti-stripping agent when Indicated by standard moisture susceptiblllty 
--·-----tests. The asphalt rubber cement shall meet theP,hYs.lcal parameters listed below. ·F:- · d··M. 
· . - . L@"Mjx_ · · -. 1 1 
Apparent Viscosity, 34~ •• Spindle 3, 12 RPM Min ' 1,000 
cps (ASI'M D2669 Brookfield) 1600 Max 4,000 1f00 
.. 
Penetration, 77~ •• 100 g, 5 sec.: 1/1.0 mm. 
(ASI'M DS) . 
Penetration, 39.2~ •• 2.00 g, 60 sec.: 1/10 mm. 
(ASI'M D5) 
' ~ftenlng Point: '?., (ASI'M D36) 
Resillenc;e, 77° F.,:% (ASTM D3407) 
Ductility, 39.2° F., 1 cpm: ~m. (ASI'M Dl13) 
59 
47 
134.6 
47 
11 
TfOT ~es!due, (ASTM Dl754) Penetration Retention,gs, 7 
!39.2 F •• % · 
Ductility Retention, 39.2° F.: t 
. . .. , 
·-~~. -:·: .. ---::;~ --·- -· .-:---- .. -;-·.-:;-.~-~- ... -- .. 
r-_ .. T.~ r-·-~--L.!. -·-
Min . 50 69 Max 100 
Min 25 49 
Min 120 132.8 
Min 10 27 
Min 10 16 
Min 75 85.7 
~in;: 
AAT2-0270 
00 
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IOWA DEPARTMENT OF:TRANSPORTATION 
OFFICE OF MATERIALS 
TEST REPORT - . BITUMINOUS AGGREGATES 
LAB LOCATION - AMES 
MATERIAL. .•.••.• :1GR-10/20· TYPE 1-A RUBBER 
INTENDED USE .••.• :A.R.C. OVERLAY 
PRODUCER •••••••• :INTERNATIONAL .SURFACERS 
PROJECT ·NO •••••• :FN-21-6(6)--21-07 · 
SOURCE ••••••.••• :WATERLOb 
. UNIT OF MATERIAL:LOT #4844w 
·LAB NO •••• :AAT2-0270 
CONTRACTOR:ASPRO 
SENDER NO.:CA2-106 SAMPLED BY •••••• :ANDERSON 
DATE SAMPLED: 06/25/92 DATE RECEIVED: 06/29/92 DATE REPORTED: 07/01/92 
- -·-- - - -- -- - ~ - - - - - - - -- - - - - ---- -
SIEVE ANALYSIS:· 
#4· 100 
#10 99 
#16 44 
#30 4.8 
#50 1.0 
#200 0.0 
MANY PIECES WERE MEASURED THAT RANGED FROM 1/411 TO 1/2 11 • THIS EXCEDES THE 
LENGTH LIMIT OF 3/1611 • · 
COPIES TO:_ 
~ CENTRAL LAB 
DISPOSITION: 
00000 
---#_:,r_,.,.,. 
C. _ANDERSON V. MARKS 
SIGNED: ORRIS J. LANE, JR. 
TESTING ENGINEER 
_.• .. 
.~·· .. 
I . 
36 AAT2-0271 
A IOWA DEPARTMENT OF .TRANSPORTATION OFFICE OF MATERIALS 
TEST REPORT - BITUMINOUS AGGREGATES 
LAB LOCATION - AMES · 
MATERIAL •••••.•• :TBS 20 RUBBER 
INTENDED USE •••• :A.R.C. OVERLAY 
PRODUCER •••••••• :INTERNATIONAL SURFACERS 
~ROJECT NO.~····:FN-21-6(6)--21-07 
LAB NO •••• :AAT2-0271 
CONTRACTOR:ASPRO 
SOURCE •••••••••• :WATERLOO 
UNIT OF MATERIAL:LOT #5470 
SAMPLED BY •.•.•. :ANDERSON SENDER NO.:CA2-107 
DATE SAMPLED: 06/26/92 DATE RECEIVED: 06/29/92 DATE REPORTED: 07/~1/92 
---------- _,_------------
SIEVE ANALYSIS: #10: 100, #16: 100, #30: 58, #50: ·18, 
/1200: 1 .8 
LAB NUMBER AAT2-0271 
COPJES TO: 
-C-E-N=t-RAL-t A B 
OISPOS(TION: 
00000 
B. MARKS. 
~----~······-
-----f:-- ANDERSON 
SIGNED: ORRIS J. LANE, JR. 
TESTING ENGINEER 
37 
Appendix C 
Field Tests 
38 
IOWA DEPARTMENT OF TRANSPORTATION 
TO OFFICE: Materials - Research 
ATTENTION: Vernon Marks 
DATE: August 18, 1992 ·!h 
. ~ .... ~S{ 
REF. NO.: ~ f/JC.A330fl 
FROM: Mohammad Mujeeb 
OFFICE: Materials - Special Investigations _ 
SUBJECT: Friction Testing Dn lA 21 in Black Hawk County from Milepost 
91.00 to Milepost 94.00 · · · . 
Friction testing was conducted on lA 21 on August 7, 1992. 
All testing was performed at 40 mph with standard tread (ASTM 
E-501) test tire. The results are as follows: 
SECTION 1 Mile~ost Northbound Mile~ost Southbound 
91.12 45 91.19 45 
91.20 49 91.34 45 
91.27 45 91.49 52 
91.44 52 91.61 47 
91.63 47 91.74 47 
91.80 41 91.84 43 
--
91.94 42 
Avg. 47 == Avg. 46 
SECTION 2 Mile~ost Northbound 
92.07 45 
92.14 40 
92.23 32 
92.35 . 45 
92.47 43 
92.62 43 
92.74 46 
92.85 36 
Avg. 41 
SECTION 3 Mile~ost Northbound Mile~ost Southbound 
93.06 56 93.11 53 
93.14 50 93.26 51 
93.23 44 93.34 50 
93.44 50 93.42 53. 
93.54 51 93.48 52 
--
93.54 53 
Avg. 50. --
Avg. 52 
MM:kmd 
. 
Station 
2135+00 
2140+00 
2145+00 
. 2150+00 
2155+00 
2160+00 
2165+00 
2170+00 
2175+00 
2180+00 
2185+00 
Station 
2190+00 
2195+00 
2200,+00 
2205+00 
2210+00 
2215+00 
2220+00 
2225+00 
2230+00 
2235+00 
Station 
2240+00 
224.5+00 
2250+00 
.2255+00 
2260+00 
2265+00 
2270+00 
39 
.HR-330B 
Rut Depth Measurements 
July 31, 1992 
AoRoCo North)::)ound AoRoCo Southbound 
OWT IWT OWT IWT 
o02 o01 o05 o03 
o02 o03 o06 o03 
o08 o09 o04 o05 
o07 o05 0 02 o03 
o08 o09 o05 o05 
o05 o07 o06 o05 
o07 o10 o09 o05 
o04 o09 o09 o05 
o05 o08 o08 o08 
o05 o05 o09 o09 
o05 o03 o02 o02 
AoRoCo Northbound Conventional Southbound 
OWT IWT OWT IWT 
o02 o10 o05 o02 
o05 I o09 o05 o03 
o07 o04 o03 ... 02 
0 04 o09 o05 o03 
o03 o09 o06 o02 
o03 o07 o05 o02 
o02 o05 o02 o03 
o03 o09 o06 o04 
o05 o05 o02 o03 
o02 o08 o02 o03 
Conventional Northbound Conventional Southbound 
OWT IWT · OWT IWT 
o05 o07 0 02 o03. 
o03 o07 o03 0 04 
o02 o05 o02 o07 
o02 o08 o03 o05 
o03 o07 o06 o04 
o04 o07 o02 o05 
o02 olO o06 o05 
Section 1 
Section 2 
Section.3 
40 
HR-330B 
Road Rater 
Preconstruct ion 
3-3-92 
3.91 
3.42 
3.52 
Post Construction 
7-14-92 
5.90 
5.55 
5.22 
